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® Compound semiconductor device and method of surface treatment of such a device. 

© Semiconductor devices and methods of surface treatment of semiconductor devices are disclosed. Rough' 
ness (6) is formed on the surface of a III - V group compound semiconductor to prevent total reflection, and a 
SiNx film (7) is formed on the rough surface (6). The surface roughness makes it possible to increase external 
quantum efficiency, and bond strength is increased because the SiNx film (7) is formed on the surface 
roughness. As a result, detachment of SiNx film (6) is prevented, moisture resistant properties are improved, and 
the service life of the LED incorporating the semiconductor is extended by preventing oxidation. 
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Compound semiconductor device, and method of surface treatment of such a device 

BACKGROUND OF THE INVENTION 

mo th Th H f PreS !T t in r nti ° n re ' ateS t0 3 semicondu *° r ^vice <* the compounds of III - V groups.and a 
method for surface treatment of such compounds. M 

As LED for high luminance light emission consist.ng of AIGaAs semiconductor, LED of single hetero- 
junction structure or double hetero-junction structure has been conventionally used which has higher earner 
miction efficiency, higher output and higher response speed than the homo-Iunction structure EST 

These hetero-junction structure LEDs are characterized in that Al x Ga,^s having high AlAs m,xed 

nlfiT 'VT! ° n ,igW 6mitted Side - F ° r example ' in the epita * ial 0™* of the substrate ♦" red 
hght emitting high luminance LED, 2n-doped AI 0 , s Ga 0 , 5 As .aye. is formed by 200 urn (p-type) on p-type 
GaAs substrate [(100) surface] as p-clad layer by liquid growth method. Then, Zn-doped M 0 75 Ga 1 65 A ■ laJJ 
,s formed by 2-3 urn (p-type, as p-active layer. Further, Te-doped AI 0 , 5 Gac, 5 As layer is formed by aoou 

Smoved I 2? h 35 ^, 9 6aAE SUbStr3te Se,8CtiVe etCham ' ° ptiCal absor P tion GaAs **strate * 
remove I to obta.n h.gh lum.nance LED chip. The mixed crystal ratio of ch,p surface ,s as h.gh as 0 75 

Al G 01 . xAs .ayer w,th such high A.As mixed crystal ratio is very easiiy ox.d.zed. This results ,n easy 

~^:T 9 characterist,cs and the shorter — ii,e * - — v — ~ 

To overcome this problem, a method to form SiNx film has been proposed 

Also, it has been proposed to provide surface roughness in order to increase the external quantum 
efficiency by preventing total reflection on the surface. q 

SiN^fi.m 6 ^ TT' "I?** ^ CUSt ° mar y on 'y either to P™*e the surface roughness or to form 
h t « V SUrfaCe rou 9 hne sses are provided, there arise the problems of moisture resistance 

and shorter serv.ee life of the element due to surface oxidat.on. When only SiNx film s urn!shed as 
protectee film, bond strength is weak and film is easily detachable. furnished as 

SUMMARY OF THE INVENTION 

The present invention is proposed to solve or at least reduce the above problems 

r*Jl!L aT ll bieCt ° f tHe Pr6Sent inventi ° n t0 increase external C ' uantum efficiency by preventing total 
reflection of the compound semiconductor device. 9 OTai 

orottww.m^f * ° f L nVe " ti0n iS t0 PreV6nt the detacnment of by increasing the bond strength of 
protective film of compound semiconductor device. a 

ri Pui l iS a ^" t an ^ he H? bjeCt ° f thiS inVenti0 " t0 inCreaSe moisture r ^istance of compound semiconductor 
device, and to extend the service life of the element by preventing oxidation 

*.rJt!lT T/ 656 ° 5jeCtS ' ^ Pr6Sent inVenti ° n iS cnaracteriz ed in that irregularities are formed on the 
gr ° Up COmpound semiconductor and SiNx film is further formed on the surface roughness 

Further, this .nvention proposes a surface treatment method for III - V group compound semiconductor 
.n which roughness is formed on the surface by physical or chemical meLd and sT«.m iT formed 0 n 
irregular surface by reduced pressure CVD method, plasma CVD method or sputtering method 
Of 0 < A?As'< i e isu e sed° n * CharaCteri2ed ,n that '" " V semiconductor having the mixed crystal ratio 

The thickness of SiNx film is preferably 20 nm - 500 nm 

emMnn i? h ? Pr ? erab ' e f at the ° f SiN * film is odtHo,d multi P ,e of ^ 4n - < * * wavelength of 

emitting light, and n is refractive index of SiNx film.) ^ 

It is also preferable to use plasma CVD method to form SiNx film of this invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
invention!' ' " * * ™ ° f StrUCtUr6 ° f LED f ° r ni 9 h -'™ance light-emission of this 
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Fig. 2 is a diagram to show the relationship between hydrogen content and silicon/nitrogen ratio of 
the protective film; 

Fig. 3 is a diagram for the relationship between hydrogen content and etching speed; 
Fig. 4 shows the relationship between refractive index and silicon/nitrogen ratio; 
s Fig. 5 is a diagram of luminance histogram of LED according to this invention; 

Fig. 6 is a luminance histogram of conventional type LED; 

Fig. 7 and Fig. 8 are diagrams to show luminance histogram of LED when refractive index is 
changed; 

Fig. 9 is an explanatory diagram to calculate reflectance; 
70 R 9- 10 is a diagram to show the relationship between film thickness and reflectance; and. 

Fig. 11 is a diagram to show the relationship between film thickness of silicon oxide and reflectance. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

75 

Fig. 1 is a diagram to show an example of structure of LED for hetero-junction high luminance light 
emission according to this invention, where 1 refers to a back side electrode, 2 a p-clad layer, 3 a p-active 
layer, 4 an n-clad layer, 5 a front electrode, 6 roughness, and 7 SiNx film. 

The light emitting diode consisting of AIGaAs semiconductor given in Fig. 1 as an example.comprises 
20 p-active layer 3 sandwiched by clad layers 2 and 4, and the electrodes 1 and 5 are arranged on front and 
back side surfaces of layer 3. This is performed by turning the interface with semiconductor to alloy through 
heat treatment after vacuum-depositing the electrodes. Next, the roughness 6 is formed on the entire 
surface of the LED,except the electrodes,by physical methods such as sandblast or fine particle blowing, or 
by chemical methods such as etching. After forming the roughness, the SiNx film is formed as protective 
25 film on the surface, for example, by plasma CVD method. 

As SiNx film, for example, the film having the hydrogen content (atomic ratio) and silicon/nitrogen ratio 
(atomic ratio) as shown in the shaded portion of Fig. 2 can be used. The curve A of Fig. 2 represents the 
case where all of hydrogen atoms in SiNx are bonded with silicon, and the curve B shows the case where 
all hydrogen atoms in SiNx are bonded with nitrogen. Normally. SiNx is between these curves A and B. 
30 Because of the characteristics as protective film, it is preferable to select the hydrogen content in such 
manner as to have the atomic ratio of about 20 -40% and refractive index of 1.8 - 2.0 and to provide the 
protective film with the components as given in the shaded portion of the figure, although the present 
invention is not limited to these selections. 

As shown in Fig. 3, hydrogen content in SiNx is obtained by the etching speed when etching is 
35 performed at the temperature of 25 'C using the etching solution with the ratio of ammonium fluoride 
(NhUF) and hydrofluoric acid of 13 : 2. Namely, protective film has perfect function if it is within the etching 
speed range of 10 - 600 nm/min. when film thickness is measured by ellipsometer. 

The relation between the refractive index of protective film and nitrogen/silicon ratio is as given in Fig. 
4. By selecting the atomic ratio of silicon and nitrogen, it is possible to have the refractive index at 1.8 - 2.0. 
40 If film thickness is too thin, it cannot provide perfect function as protective film, whereas, if it is too 

• thick, much time is required for film manufacture and there is also the possibility of detachment due to the 
stress of the film itself. The thickness of about 20 - 500 nm would be adequate. 

As the method to form SiNx film, plasma CVD method is the most preferable. In addition, there are the 
methods such as reduced pressure CVD method, sputtering method, etc. For example, there is thermal 
45 decomposition CVD method, by which Si 3 N* is deposited on substrate through thermal decomposition 
reaction by introducing silane Sim and ammonium NH 3 into chamber. By this method, it is possible to 
obtain the film, which is closer to stoichiometric film (with Si/N ratio of 3 : 4) and has lower hydrogen 
content. It is advantageous in that the etching rate can be decreased and hard film is produced. In this 
case, the temperature of 600* C or more is required for the film manufacture, 
so In the reactive sputtering method, Si is processed by sputtering through discharge in an atmosphere 
(Pressure: 1 x 10~ 2 Torr to 1 Torr) which is produced by mixing small quantity of N 2 to argon with Si as 
target, and SiNx is deposited on substrate. This method can be used for compound semiconductor because 
there is no need to heat the substrate, while special care should be taken for stoichiometric control and 
stress control in film. 

55 In the light emitting diode, for which the atomic ratio of silicon and nitrogen is set to have refractive 
index at 1.82 and the protective film with thickness of 270 nm (intraplanar homogeneity ± 5%) is formed, 
luminance histogram was obtained to the light with luminescent wavelength of 660 nm, and the results as 
given in Fig. 5 were obtained. When measurement was made in the case where only roughness was 

3 
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provided or only SiNx film was formed, the results were as shown in Fig. 6. In the figures lum.nance is 
purposel C ' SSa ° n ^ qUamity ° n ° rd,nate («andamiL at ^JuZJZ^ 

WsZZVaTT* ?l 1929 ^ ° btained " the pr ° dUCt aCCOrdin 9 t0 tne P^ent ,nvention while i, was 
N w , r Pr ° dUCt - ^ iUminanCe Can be apparently improved by this invention 

withal? on t^jfisszsxr* r LED provided with siNx L 

Table 1 according to the present invention. The results are summarized in 
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hours with the a,i„ing current 0. 20LS DC 2? c .nrtTJ? L" T""' V "' 95%: S,ep 2: D,iv8n ,ot ,2 
driving cjrrrm o, H „* ?' c 2 T™*? °' 95% ' S " P 4; D,iv5 " 1 ,or 4 "O"' 5 »*> 

wavelength of 6S0 nm, and the results were obtained SJELTfSTS, So 8 AverLrT. , 

case refractive index was 1.53 was 1754. and it was 1758 in case the refractive index was ^ " 

■^1^X^,57 * ^ r6fraCt,Ve "* — - ~ - and the 

respSeTy 6 ** *" "** ° f Protective «,m and the air is n 0 . n- and n 2 

"1 * d = * 5 x (odd number) 
= ?x (odd number) 

Whenno = 3.3 and n 2 = 1.0, and 
ni = Vn 0 n 2 = 1.82, 
d =*90 nm x odd number 

anrt " fr ° m the fi9ure that - "hen film thickness is odd-fold multip.e of 86 nm reflectance is 0 a- 
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3A HCI aqueous solut.cn for etching. Then, it was washed with water for 15 minutes, neutralized with 
methyl alcohol and dried. On the wafer surface with roughness thus formed, SiNx film was deposited by 
plasma CVD method. As the condition to. prepare the film, gas flow rate was set to SiH 4 (20%/N 2 ) and 
diluted soution of 14 seem (cm3/min.; at 0*C; 1 atmospheric pressure), ammonium <NH 3 ) of 60 seem' and 
5 nrtrogen of 11 seem were used. With full pressure of 5 x 1 0"* Torr, substrate temperature at 280 ' C and RF 
power at SO W film was formed by plasma CVD method with film preparation time of 28 min. As the result 
the film w.th thickness of about 270 nm and refractive index of 1.9 was obtained. By processing the 
roughness external quantum efficiency was improved by about 40%. Because SiNx film was formed no 
decrease of luminance was noted in the life test for 300 hours. 

10 

[Comparative example] 

■!" ° aS ! siNcon ° xide fi,m < Si0 *> was "sed as protective film, the change of reflectance in relation to film 
is thickness d is as shown in Fig. 11 when m = 1.5. 

o«, AS n l S eV ' dent fr ° m the fi9ure • reflectance caches minimum when film thickness is 110 nm. It is still 
3.6 /o. and it is apparent that high luminance output cannot be obtained 

As described above, it is possible by the present invention to increase the light takeoff efficiency by 
processing the roughness on III - V group compound semiconductor surface, and to increase the bond 
20 strength of the film itself by forming SiNx film on the irregular surface. This makes it possible to prevent the 
detachment of S.Nx film, to extensively improve moisture resistance property and to extend service life 
because the detenoration of LED chips due to oxidation of AIGaAs is reduced. Using SiNx film as protective 
f.lm, mo.sture resistance property is extensively increased compared with the other passivation film such as 

25 ^lxz^i on oxide fi,m ' etc - service ,ife is extended - and ,i9ht emittin 9 - be 
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Claims 



1. A compound semiconductor device, characterised in that roughness is formed on the surface of a III - 
V group compound semiconductor and SiNx film is formed on the rough surface 

2. A compound semiconductor device according to Claim 1, wherein the III - V group compound 
semiconductor is an AIGaAs semiconductor having a mixed crystal ratio of 0 < AIAs< 1 

„f ^n'; A c C n°n mPOUnd semiconductor device according to Claim 1 or 2, wherein the SiNx" film has a thickness 
35 ot to 500 nm. 

* * comPO^d semiconductor device according to any preceding Claim, wherein the film thickness of 

« ftL SL'%f ? mU ' tiP,e ° f ^ (X iS the wave,en 9 th ^ emission light, and n is the refractive index 

ot tne oiinx film). 

5 A compound semiconductor device according to any preceding Claim, wherein the SiNx film is 
40 formed by the plasma CVD method. 

6. A surface treatment method of a III - V group compound semiconductor, characterised in that 
roughness .s formed on the surface of the semiconductor by a physical or chemical method, and SiNx film 

method 00 r ° U9h SUrfaCe by 3 redUCed preSSUre CVD method ' P lasma CVD m *thod or sputtering 

45 7 A .surface treatment method according to Claim 6, wherein the III - V group compound semiconductor 
is an AIGaAs semiconductor having a mixed crystal ratio of 0 < AlAs < 1 . 
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FIG. 1 
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FIG. 2 
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FIG. 6 



1.0 

Quantity 
0.5 



1000 2000 3000 

( Luminance a. u ) 



FIG. 7 



1.0 

Quantity 
0.5 



(n=1.53) 



> 1 ■ l ■ t 



1000 2000 3000 

( Luminance a. u ) 



BNSDOCID: <EP 0404565A1 I > 



EP 0 404 565 A1 



FIG. 8 
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FIG. 10 
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